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An experimental investigation of dewetting in uniaxial and bi-
axial stress fields was conducted for infinitesimal strain levels.
An optical technique was attempted with limited success, which
demonstrated the need for more precise measurements at small
strains. A method was developed for stiffening the surface of the
propellant test specimen with commercial bonding cement, which
facilitated the use of strain gages on the stiffened surface. An
analytic expression was deri^a wnicty relates measurements made
on the outer surface of the cement to internal propellant behavior.
It was noted that dewetting commenced at strain levels of the
order of zero strain, and that there was little variation with stress
ratio in the strain at which dewetting commenced. Dewetting appeared
to be complete at lower strains for higher stress ratios.
Dewetting was noted to be at such low strain values that the
phenomenon is considered to be inconsequential in a practical engine-
ering analysis of this propellant.
ERRATA SHEET
1. Page 2, par 3, line 2 and 3 should read engineer-
ing vice engine-
ering.
2. Page 10, par 2, last line should read data vice date.
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Solid propellants are normally composite materials consisting of
particles of a metallic compound (a filler) uniformly embedded in a
matrix of elastomeric material (a binder). When the propellant is
subjected to strain, the adhesive bond between filler particles and
binder is likewise strained. If this bond is broken, the material is
said to dewet. This dewetting process causes vacuoles to form, which
in turn leads to an increase in volume. This phenomenon not only
affects the chemical properties such as burning rate and susceptibility
to detonate, but also certain physical properties such as the Elastic
Modulus and Poisson's Ratio. It is therefore advantageous to be able
to predict the dewetting point and dewetting characteristics of a
propellant.
Thor L. Smith \_2] studied the mechanical properties of com-
posites consisting of small diameter glass beads embedded in a
polyvinyl rubber compound. Elongated ringlike specimens were ex-
tended in a liquid dilatometer and the volume increase was measured
as a function of extension. He found that at small strains the volume
remained constant and above a critical strain, or Yield Point, the
volume increased because of the formation of vacuoles around the
beads. Above the Yield Point, Poisson's Ratio was calculated from
the rate of volume change with extension and was found to be independent
of strain and temperature.
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A search began for a reliable method of measuring the volume
change and the accompanying change in Poisson's Ratio, since these
changes are direct indications of dewetting. This search led to the
design of a number of different devices. One of the more successful
devices is the dilatometer.
A dilatometer is essentially a chamber of constant volume in
which a test specimen is placed and enclosed in either a gas or liquid.
When the test specimen is strained to the point where its volume in-
creases, the pressure in the gas increases due to its decrease in
volume. In a liquid dilatometer an amount of liquid equal to the change
in volume of the specimen is allowed to escape from the chamber.
The change in pressure of the gas, or the amount of liquid displaced
is measured and related to volume change.
Stedry, Landel, and Shelton \_3 J used a circular ring specimen
in such a device, but they referred to it as a hydrostatic weighing
device. Their results appeared to be reproduceable. They found,
however, in contrast to Smith's
^_2~J work on glass beads, that
Poisson's Ratio for an actual propellant varied with strain from the
onset of straining.
Rainbird and Vernon ^5*} at the Explosives Research and Develop-
ment Establishment conducted a considerable amount of research
with various devices. They devised a rheohydrometer , which was
essentially a liquid dilatometer with provisions for carrying out tension
and compression tests. These tests in the rheohydrometer produced
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results similar to those of Stedry, et al, at the Jet Propulsion
Laboratory, but dewetting started as low as zero strain in some
cases, and not until 20% strain in others (dependent on temperature,
propellant, and humidity)
.
Bells, Hart, and Holland \_8] used a liquid dilatometer which
was designed to provide volume change measurements while a speci-
men was being uniaxially strained at a constant rate. They used
their experimental observations to derive a relation between the axial
strain and the volume change. The relation involved one material con-
stant, which was found to be the derivative of the first strain invariant
with respect to the second strain invariant. This constant was found
to vary with test temperature and filler content.
Farris \_10j developed a model which describes the stress-
strain and dilatation- strain relationships of solid propellants in terms
of their frequency of dewetting. This model enables one to calculate
the frequency of dewetting versus strain from the strain-dilatation
relationship. Farris \_^M a l so related the mechanical response and
failure of these propellants to the formation and growth of vacuoles,
which cause strain dilatation in the material. He used a statistical
interpretation of' the strain-dilatation behavior to assess both the
instantaneous frequency of vacuole formation and the total accumula-
tion. This provided an analytical method of describing the initiation
and extent of microscopic failures within the material for uniaxial
tension. Farris' strain-dilatation data were obtained with the use of
a gas dilatometer.
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The Thiokol Chemical Corporation £l2] developed a method of
obtaining volumetric responses of solid propellants utilizing an
optical device developed by their Elkton Division. This device en-
abled the experimenter to obtain data without direct contact with the
specimen and is adaptable to most standard tensile testers (e.g.
,
Instron). The device consists basically of measuring the change in
distance between the edges of the test specimen. This is accomplished
by projecting a light on the specimen, then measuring the dark space
on a mirror on the opposite side of the specimen from the light.
Lenses are used for high resolution and photoelectric cells for high
speed timing. In this research the experimenter found that dewetting
may begin at strains as high as 21% and the point at which dewetting
begins varies inversely with strain rate and hardness of the material.
At low temperatures and low strain, the dewetting point is generally
masked by this experimental method.
Microtensile test specimens have also been used. Rastrelli and
Dehart (_7j developed a method of me asuring strain within solid
propellants involving the electronic observation of embedded particles.
This is relating the dewetting process to a microscopic level. The
method consisted of the utilization of two basic systems. First, the
scintillation facility, consisting of an x-ray passing through the
specimen to a crystal detector. The detector output was converted
to a relative count rate. The second system was the specimen loading
device, which was constructed to allow the loaded specimen to index
vertically, horizontally, or rotationally with reference to fixed x-ray
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beam position. Specimens of varied shape, size, casting techniques,
grain size, and embedded particle size were tested under loads pro-
ducing up to 20% strain. They concluded that the initial strain dis-
tribution may not be uniform or simply related to external strain.
They believed that their technique was particularly useful when applied
to opaque solid propellant grains, in that it would be possible to
precisely and clearly define the internal as well as the surface strain
in a propellant.
Rainbird and Vernon
^5J also used micro-tensile tests developed
at A.B.L. and at Aerojet General, Azusa. The strips of propellant
used in these tests were 0.005 in. thick, and their action under strain
was observed. It was noted that in using this method dewetting
occurred around the larger pieces of filler first. In some tests, de-
wetting did not occur before the specimen fractured.
A number of biaxial tests were also developed (although not always
for the purpose of studying dewetting), and considered as candidates
for this study. For example, Rainbird and Vernon
^9J studied the
behavior of propellants under multiaxial stresses. They devised a
biaxial test in which a thin diaphragm of propellant was subjected to
a pressure on one srde. Varying stress ratios were obtained by using
elliptical membranes of different axis ratios. In their tests with the
membrane the major finding was that while dewetting spreads in bands
under uniaxial loading, it is sudden and complete in this biaxial speci-
men. This was attributed to the pressure being maintained so that
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the sudden reduction in Modulus at dewetting results in a sudden ex-
pansion of the diaphragm and complete dewetting.
Spangler \p\ , working at the Eastern Laboratory of the duPont
de Nemour Company, devised a test consisting of blowing a bubble
of a thin disc of propellant supported at the edges. This technique
was essentially the same as that used by E.R.D.E. ^5} . Stress
measurements were obtained analytically from relating: pressure
measurements inside, radius of curvature, and thickness of the bubble.
Strain values were obtained by photographic me ans or by the exten-
someter mounted on the bubble.
The complexity of these tests, and the indefinite results, led to
the selection of a test specimen which was simple and could be handled
with a minimum of complex equipment. The specimen was the same
type as used by E.R.D.E. ^5j .
A search of the literature available indicates that the phenomenon
of dewetting of a uniaxially loaded solid propellant is well defined and
is primarily dependent upon the maximum principal strain in the pro-
pellant. The characteristics of the propellant before, during, and
after dewetting can be determined using one of a number of experi-
mental techniques.
The effects of dewetting on the fracture properties of a solid
propellant under biaxial loading have also been investigated and are
fairly well defined. However, other characteristics such as Modulus
and Poisson's Ratio are not well defined in this stress field. The
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dewetting range and the criterion of dewetting have not yet been
described as a function of biaxial stress ratio, for example.
The purpose of this thesis was to attempt to:
1 . Measure initiation of dewetting in a typical ammonium
perchlorate filled solid propellant under biaxial stress fields.
2. Establish a dewetting criterion suitable for both uniaxial
and biaxial stress fields.






As noted previously, most of the researchers in the field used
either gas or liquid dilatometry. Thes-e devices produce good results
for uniaxial tests, but they become almost prohibitively complex for
the biaxial case. Additionally, one intuitively feels that there may be
inherent errors in this method caused by an inability to separate the
volumetric response of the propellant undergoing strain and by
pressure- sensing fluid seeping into the vacuoles formed on the sur-
face during the dewetting process.
Diaphragms, microtensile tests , and diffraction techniques were
considered far too complex in the biaxial area to be utilized at the
strain level at which the experiment was to be conducted. Further-
more, it is desirable to conduct a test and obtain measurements
without any of the measuring devices coming in direct contact with
the material, since almost all of the devices in use for metals (strain
gages, variable reluctance gages, etc.) will effectively stiffen a low
modulus material to the point where its properties are substantially
changed.
Optical Measurements
It was decided to obtain Poisson's Ratio ( v ) and the Elastic
Modulus (E) by optical means. The method consisted of forming a
standard tab end specimen, applying a load to it, and measuring the
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changes in length with a high power microscopic comparator. It
was hoped that a change in the slope of the stress-strain curve would
be the indication of dewetting and that the use of the comparator
would have as a by-product the ability to visually verify dewetting
through the formation of vacuoles on the surface of the propellant.
The comparator used was produced by the Gaetner Scientific Co.
,
and reportedly had the capability of measuring to within 0.0005 inches
with good accuracy. Small load increments, on the order of . 1 to
0.2 lbs, were applied to specimens with different loading rates.
Ten tests were performed with loading rates varying from 0. 10
to 0.50 psi/min with time intervals between loads of 5 or 10 min.
It was found that at loading rates at or below 0.25 psi/min equilibrium
conditions were maintained. During the tests there was no positive
visual verification of dewetting, since it was impossible to determine
accurately which of the pinholes on the surface had been caused by de-
wetting and which had been caused by the filler being forced out of the
binder during the milling process used to form the specimens.
A digital computer program, utilizing a least squares technique,
was written to smooth out the data and plot a curve. The curves were
essentially linear above strains of 1.0% and there was an acceptable
variation of the Tangent Modulus between tests of less than 10% (Figs.
2 and 3, Table I). The Tangent Modulus obtained from these tests
was used in later calculations. The optical tests showed the Modulus
of Elasticity of the propellant to be 450 psi in the linear range.
19
Two tests were made in an attempt to obtain Pois son's Ratio
in a similar manner. Poisson's Ratio can be used as a direct indica-
tor of the volume change and thus indicate dewetting. Here the data
acquisition method failed completely. The scatter caused by the
slippage of the gearing in the comparator alone was sufficient to render
the data worthless. The scatter in the data below 1.0% in the stress-
strain curves also was too high to be acceptable.
It was then decided to utilize a simple device which had high
resolution at low strain levels. Normal strain gages meet this re-
quirement, yet affixing them to the propellant causes an effective
stiffening of the propellant in the area of attachment, which restricts
the propellant flow in the stiffened area. This situation can be avoided
if the cement used to attach the strain gages to the propellant was
used to form a sandwich material, which would have uniform proper-
ties through its length for any cross-sectional area.
Sandwich Material Theory
This sandwich material was formed by placing a thin, uniform
layer of cement on two sides of the propellant in such a manner that
the cement would be a load carrying portion of the specimen and have
the same total elongation. It was recognized that this would not act
as the propellant alone, but a stress analysis could be performed on
the material and its mechanical properties determined. Also strain
gages could then be attached to the material without appreciably
affecting the properties of the material.
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The stress analysis proceeded as follows.
Elasticity Solution
. if it is assumed that the propellant's
upper and lower surfaces are stiffened to the point where its side
faces (x = + W) deform in a parabolic shape when loaded in the Y
direction, the requirement then exists that the displacement u is an
even function of z, u(z) = u(-z), and an odd function of x, u(x)= -u(-x).
(Figure 1 for co-ordinate axis orientation) It can also be assumed that




The displacements were assumed as follows:
9 ,72 54 36 8
u = ax + bx z + ex z + dx z + exz
v = ky
w = f(x)g(z)
where f(x) and g(z) are arbitrary functions of x and z respectively.
These assumed values of the displacements are substituted into
the equilibrium and compatibility equations. The arbitrary functions
f(x) and g(z) can then be found.
The following boundary conditions must also be satisfied.
a. The net load in the Z direction must vanish at z = t
-W
b. The net load in the X direction must equal the applied
load in the X direction at x = W.
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-t * ^
c. The net load in the Y direction must equal the applied
load in the Y direction.
This results in six equations to be solved simultaneously. It
will be noted that there is no mention of matching displacements or
stresses at the propellant-cement interface, or of solving for dis-
placements or stresses in the cement layer. It is assumed that if the
proper displacement distribution is assumed, the stiffening of the
outer surface of the propellant occurs due to a y imposed by theX z
"glue. It is also assumed that the cement layer is so thin that there
are no changes in displacement in the X and Y direction in the cement.
To completely satisfy the problem then requires that the six
equations obtained from the equilibrium equations and the boundary
conditions. must be satisfied.
This is done by solving the six equations simultaneously. However
if the strains P and P are measured at the origin of the co-
*-x ^y




and both f* and P can be measured with the use of strain gages.
<— x ** y
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Hence to solve for Poisson's Ratio the following procedure is
necessary.






which is an extremely complex equation to solve for "V (a cubic
equation with variable coefficients). This solution is good only in
the limit case where R is much less that 1.0. There was insufficient
equipment to run a test at the stress ratios required.
Approximate Solution . Another solution was obtained by approxi-
mating the test specimen with a cylinder of very large radius and
relating this solution to the test specimen.
Williams \4~\ has obtained a solution for an encased hollow
cylinder, which can be applied to this problem. The normal interface
23




where the subscript c denotes case properties.
For a solid cylinder, a = and
^ —
Lx-S)^ k!(^ ^ >>\l\-^e> + CwS)^ s£J\ (2.i)
and
-V
k^ . &, ( ,-^ (2.3)
if S^ and P are measured on the outer surface.
z
If the analogy is made between cn l P. in the uniaxial case on9 z
the cylinder to £ / £ on the rectangular test specimen, and
further define £ / £ as the apparent Poisson's Ratio v , then
y
^t^ -^0 Ai]]- -^ - 2^] (2.4)
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solving 2 . 4 for p'
Substituting 2.1 into 2.5 and using the fact that in a rectangular
sandwich specimen for unit width [\j :
Yields
-*gW,h
clearing the denominator, and specifying that h is much less than b,
and solving
^ c c » (2.6)
Thus Poisson's Ratio of the propellant can be found using the
values of the strain on the external surface.
No attempt was made to obtain the Modulus by use of the sandwich
method since the resulting solution is extremely sensitive to the
proper measurement of the cement thickness.
25
Strain Gage Technique . Standard tab end specimens were fab-
ricated from a sheet 4.5 inches square. The finished specimens
were 4. 5 inches long (exclusive of tabs) , 1 . inch wide , and 0.195
inches thick. A thin layer of SR-4 Strain Gage Cement was applied
to both faces and allowed to cure for a minimum of twenty-four hours.
After the cement had hardened, BLH type A-7 strain gages were
attached to the specimens to measure a Poisson effect.
A small test sample was made of the cement used, and a tensile
test was conducted on this specimen to obtain its properties. It was
found that the Elastic Modulus was 133,000 psi for the range of strain
from to 1000 micro-inches/inch, (Table II, Fig. 4) and Poisson's
Ratio to be approximately 0. 30.
A tab of the specimen was clamped to a rigid support and the
specimen loaded uniaxially. In attempting to reach equilibrium con-
ditions, it was noted that the strain readings had pronounced drift.
Since strain gages are normally used on metallic surfaces, they reach
thermal equilibrium rapidly; (the metallic surface being a heat sink)
so rapidly in fact that switching devices may be used so that only the
gage of interest is active, and readings may be taken rapidly with
little or no detrimental effects. A propellant, however, is an effective
thermal insulator; hence a definite period of time must be allowed
for the strain gages to reach thermal equilibrium. In order to pre-
clude any creep effects between readings, no switching device was
utilized. Instead each gage was connected to an individual power
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source and strain reader. Since the primary concern of the experi-
ment was Poisson's Ratio and relating the differences in initiation
and completion of dewetting (i.e. , relative results), there was no
requirement for absolute calibration of the gages. When setting up a
specimen, a minimum of two hours was allowed for the strain circuits
to reach thermal equilibrium conditions. This was found to be more
than ample time. Loads were applied in increments of 50 grams
and the propellant was allowed to reach equilibrium conditions , usually
in a matter of a few minutes.
Three tests were conducted. Uniaxial test No. 1 was strained
to the point where the cement visibly fractured at approximately
1000 microinches/inch of strain. Uniaxial test No. 2 was strained
to 800 microinches/inch of strain and then allowed to stand in an
unstressed state for 48 hours. The specimen used in uniaxial test
No. 2 was then used again. This was done as a check of the validity
of the experiment.
Results
The data obtained were substituted into equation 2.6 and plotted.
(Table III, Figs. 5, 6, and 7) In these tests the strain data were
accurate to about three microinches/inch of strain due to the experi-
menter's misuse of the strain reader. A trend check was run on the
raw data including this limit on accuracy. It showed the trends




It appears that the propellant commences dewetting at approxi-
mately 100 microinches/inch of strain and is still in the process of
dewetting at 300 microinches/inch. It appears to be complete at
about 400 microinches/inch of strain as indicated by the shape of the





A biaxial test specimen was fabricated by cutting a cross- shaped
specimen out of a sheet of propellant 4.5 inches square and 0. 195
inches thick. This specimen approximates overlapping two standard
tab-ended specimens at 90 angles, (Fig. 1), and is the same type of
specimen used by E.R.D.E. ^9 J in some of their testing. Stop holes
were drilled in the propellant at the 90 intersection points in order
to relieve any possible stress concentrations. To insure that there
was essentially a uniform biaxial strain field in the center of the test
specimen, a grid was superimposed on the center of the specimen and
then large strains were imposed. The grid deformed uniformly at the
center and the deformation appeared proportional to the stress ratio.
A thin layer of SR-4 Strain Gage Cement was applied to both faces
and allowed to cure for a minimum of 24 hours. After the cement had
hardened, BLH type A-7 strain gages were attached to the specimen
to measure Poisson's Ratio. Each gage was connected to an individual
power source and reader. Then upon setting up the specimen for testing,
a minimum of two hours was allowed for the strain gage circuits to
reach equilibrium conditions. Biaxial tests were conducted with two
tabs 90 apart clamped to a rigid support and the opposite tabs loaded
for a biaxial stress. Loads were then applied so that the smaller
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load was increased in steps of 50 grams. Loads were applied and
the propellant allowed to reach equilibrium conditions, usually a
matter of a few minutes.
Twelve tests were conducted with virgin specimens subjected
to stress ratios varying from 2.0 to 5.0. The apparent Poisson's
Ratio of the sandwich ( v ) was found as follows:
but <x" = R<S~ hence
^x y
The values of £ I ? were substituted into equation 3.1 for V
x *—
y
and this value was substituted into 2.6 for v of the propellant. The
results were plotted as v vs strain. (Table IV, Figs. 8, 9, 10, 11)
Results
The double thickness of the cement (the sum of the thicknesses
of both sides), was measured and found to vary from less than 0.001
to greater than 0.002 inches. It became apparent that those tests
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which had the extremely thin layer of cement (less than 0.001 in.;
the exact value was indeterminate due to the inaccuracy of the
measuring devices available), produced poor results due to early
fracture of the cement. Cement double thicknesses greater than
0.002 inches produced too stiff a covering, and this appeared to mask
the properties of the propellant. This masking can be explained by
a simple analogy. If the propellant had been covered with a layer of
high tensile steel of equal thickness to the test specimen, the pro-
pellant would have had inconsequential effects on the layer of steel
and hence strain readings on the outer surface of the steel would
give no clue as to the properties of the inner propellant. Hence a
cement layer thickness of 0.0005 inches for this propellant specimen-
cement combination appeared to be optimum.
Another critical factor was thought to be fabrication techniques.
If the propellant was handled so that visible bending toekplace, the
specimen in turn produced results which were incompatible with the
results of other tests.
In all, twelve tests were conducted; of these only four were con-
sidered of sufficient reliability to be of value. The strain readings
were reduced and the data plotted (Figs. 8, 9, 10, 11) as v vs c\. .
The first point that can be deduced from these data is that if
Farris 1 model of a propellant, which has a frequency of dewetting
directly proportional to the strain-dilatation curve's first derivative
with respect to strain 10 , is to hold for this propellant, then
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dewetting is complete by 300 microinches/inch of strain in all cases.
The data below 50 microinches/inch are not sufficiently reliable to
conclude where the onset of dewetting occurs. But it appears that
the propellant commences dewetting at virtually 0% strain.
Comparison of Results
Comparison to Uniaxial. The biaxial tests indicate dewetting is
complete at approximately 300 microinches/inch of strain in all
cases. In the biaxial case it appears that dewetting commences at
effectively 0% strain.
It appears that the phenomenon may occur at higher strains in
the uniaxial case.
Comparison to other Investigations. The previous conclusions
do not at first glance appear to agree with the data supplied by the
manufacturer, United Technology Corporation. (Fig. 12). These
data were obtained using a gas dilatometer. The curve is decaying
from the onset of strain to fracture, and this nonlinearity is attributed
to dewetting. However, using the standard definition for Poisson's
Ratio in a uniaxial stress field from Elasticity,
aw
and assuming a square cross section for mathematical simplicity
and enforcing incompressibility
,
(no change in volume), the following
holds:
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U -* (V\_ & ( \ -V Q\aJ \
- 2. (4.1)
\ * avJ -
VU \ \+ QL
and for the case where /\L/L = 0.20
(4.2)
Even though incompressibility was enforced, ( v = 0.50), the
^j calculated is 0.436. The curve of equation 4.2 is plotted on
Figure 12 for comparison. Thus the standard definition cannot even
be held to be approximate at large strains.
Another difference is contained in the definition of strain. For
large deformations, strain is no longer L/L. Lindsey \_^A nas
defined the problem as follows:
From Elasticity, strain is defined by considering the square of
2 2





\ + Ou V" - \ ^ 2 E
(4.3)
2
If (iL/L is small, ( QL/L) is much less than dL/L or £\L/L
is much les,s than 1.0, then
£ = awL
but if ft L/ L is not much less than 1.0 (large strain) equation 4.3
must be used. Let
then the volume of the bar becomes
C^.+ aocvAi^ avoV"* l\a)
7
-(\-v QAx^c \ -v fcv^-Nl
*o
Casting this expression in terms of £ 9 -> and £
v o
dividing by £ , defining y = - £ / f and solving for V




For variable compressibility let V = kV where k is a function of
C and find the limit of v ( £ ) as £ approaches zero.
thus
Integrating






The expression for Poisson's Ratio now becomes,
(4.4)
Thus for UTC data (Fig. 12) at the lowest strain rate, (which is
close to the equilibrium conditions used), a /\ L/ L = 0.20 substituted
into equation 4. 3 yields £ = 0.22. Substituting this value into
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equation (4.4) yields v (0) = 0.49, which when compared to the
results obtained in the sandwich tests indicates that there is little
difference between the results obtained in this experiment and those
obtained by UTC.
Thus a major point may be made. The non-linearities of strain-
.
dilatation curves or Poisson's Ratio vs strain curves, (such as UTC's)
which are normally attributed to the process of dewetting through the
entire strain area, are in reality caused by:
1) The error in defining Poisson's Ratio as &W/W/ &L/L
for large strain, and
2) the dependence on the value of "v (0) (Eq. 4.4).
•^(0) is a slightly lower value than 0.50 due to the dewetting,
which is complete at so low a strain (400 microinches/inch) that it
is effectively zero, (hence v(0) ~ 0.49). Dewetting is then a
phenomenon which occurs at very low strain in this propellant and
affects the strain dilatation curves by effectively shifting the value of
^ (0).
The conclusion may be drawn that the major criterion for dewetting
in a biaxial stress field is still the maximum principal strain, but
this value of strain decreases with increasing stress ratio. This
conclusion is analagous to the results of Spangler \_6\ in his tests
relating fracture to strain. This also agrees with the results of
experimenters who worked with uniaxial stresses, i.e. , Smith \_2 j ,
and Rainbird and Vernon \ 5J .
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CONCLUSIONS AND RECOMMENDATIONS
The technique of a sandwich specimen appears to be useful and
worthy of further testing and for use in testing of propellant for other
properties, e.g., viscoelastic Poisson's Ratio. However, rather
than using a material such as cement to stiffen the outer surface of
the propellant, some other material such as commercially available
aluminum or brass foil, which is available with thicknesses of the
order of 0,00015 inches, should be considered. This foil would have
a constant and controllable thickness, and hence lend itself to more
reproducible data. It appears that the parameter E /E*h/b is a good
criterion for the effectiveness of the covering material.
The onset of dewetting occurs at so low a strain in this propellant
that it can-be considered to start at zero strain, and is complete at
so low a strain that the phenomenon can be excluded from any practical
engineering considerations.
Dewetting is completed at lower strain values for higher stress
ratios. The major criterion is the maximum principal strain.
The normal definition of Poisson's Ratio is invalid for large
strain, and care should be exercised in the use of this relationship
in analytic or experimental work.
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STRESS STRAIN IN PROPELLANT
OPTICAL DERIVATION
































































































STRESS STRAIN IN PROPELLANT
OPTICAL OBSERVATION
STRESS RATE =0.11 psi/min
LOAD STRESS STRAIN LOAD
(lb) (psi) (%) (lb)
STRESS STRAIN
(psi) (%)
0.2 1.07 0.47 0.4 2. 14 0.73
0.6 3.21 1.48 0.8 4.27 1.41
1.0 5.34 1.39 1.2 6.41 1.78
1.4 7.48 1.77 1.6 8.55 1.72
1.8 9.62 2.48 2.0 10.68 2.70
2.2 11.75 3.30 2.4 12.82 3.40
2.6 13.89 3.42 2.8 14.96 3.64
3.0 16.03 3.60 3.2 17.09 3.78
3.4 18.16 4.09 3.6 19.23 4.27
3.8 20.30 4.46 4.0 21.37 4.58
4.2 22.44 5.08 4.4 23.50 5.33
4.6 24.57 5.55 4.8 25.64 5.86
5.0 26.71 5.93 5.2 27.78 6.37

































































50 14 -7 .500 .4980
100 27 -14 .519 .4985
150 41 -21 .512 .4985
200 52 -26 .500 .4980
250 64 -34 .5 31 .4990
300 82 -44 .536 .4995
350 97 -51 .528 .4990
400 112 -55 .491 .4975
450 130 -63 .484 .4970
500 147 -69 .469 .4965
550 162 -74 .457 .4960
600 182 -82 .451 .4955
650 201 -87 .433 .4945
700 222 -94 .423 .4940
750 242 -102 .421 .4940
800 271 -105 .387 .4925
850 282 -112 .397 .4930










( Uixi/in) ( JAln/in)
S>' *
50 -1 - -
100 5 -2 .400 .4930
150 17 -12 .705 .5080
200 34 -17 .500 .4985
250 47 -26 .553 .500
300 64 -31 .484 .4970
350 77 -40 .519 .4985
400 97 -41 .422 .4940
450 114 -52 .456 .4955
500 130 -58 .446 .4955
550 146 -64 .438 .4950
600 167 -71 .425 .4945
650 186 -76 .409 .4935
700 205 -86 .420 .4940
750 226 -88 .389 .4925
800 247 -93 .377 .4920
850 268 -96 .358 .4915
900 29 3 -101 .345 .4910
950 316 - 104 .329 .4900
1000 340 -113 .333 .4905










(gram) ( //Lin/in) ( //(.in/in)
100 77 -22 .285 .4885
200 149 -45 .302 .4890
300 226 -68 .301 .4890
400 302 -90 .300 .4890
500 382 -115 .301 .4890
600 460 -138 .300 .4890
700 543 -160 .295 .4885
800 620 -181 .290 .4885
900 692 -204 .295 .4885




STRESS STRAIN DATA IN PROPELLANT
STRAIN GAGE DATA




(gram) ( in/ in) ( in/in)
100 90 18 .333 .4905
200 164 31 .343 .4905
300 216 50 .304 .4890
400 314 71 .310 .4895
500 400 91 .308 .4890
600 480 112 .302 .4890
700 564 128 .308 .4890





STRESS STRAIN DATA IN PROPELLANT
STRAIN GAGE DATA
BIAXIAL 2 ( ^* / ST =2.0)
y x
(gram) (^Uin/in) ( Uin/iu.)
100 18 -9 .800 .5125
200 40 -5 .589 .5020
300 70 .500 .4980
400 95 21 .451 .4955
500 125 26 .431 .4945
600 165 26 .449 .4955
700 200 34 .434 .4945
800 232 40 .414 .4940
900 271 45 .412 .4940
1000 310 54 .399 .4930
1100 349 63 .391 .4930
1200 383 85 .372 .4920
1300 422 94 .366 .4915
1400 462 103 .366 .4915




STRESS STRAIN DATA IN PROPELLANT
STRAIN GAGE DATA
BIAXIAL 4 (^* / QT = 3.0)
y *
LOAD £ £ \) ^** y x v
(gram) ( uin/in) ( Uin/in)
150 161 34 .508 .4980
300 288 45 .465 .4960
450 414 66 .467 .4960
600 543 93 .477 .4965
750 682 125 .486 .4970
900 816 134 .471 .4965




STRESS STRAIN DATA IN PROPELLANT
STRAIN GAGE DATA
BIAXIAL 5 ( (5T / $~ =5.0)
y x
LOAD £ ^x \)
^)(gram) ( ACin/in) ( ^in/in)
250 60 -15 .434 .4950
500 140 -25 .366 .4915
750 230 -35 .329 .4900
1000 335 -45 .325 .4900
1250 430 -55 .308 .4890








n^. V $ 4.5"























































STRESS vt STRAIN FOR PROPELLAMT
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